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To characterize biochemical traits associated with 
various forms of epidermolysis bullosa (EB), we used 
skin fibroblast cultures to measure a gelatin-specific 
neutral metalloprotease. Compared to normal cultures, 
levels of this gelatinase were 7-fold decreased in cell 
cultures from 3 patients from 3 kindreds with general-
ized dominant EB simplex of the Koebner type (DEBS-
K) (p < 0.001). The specificity of this trait was shown 
in several ways. The growth kinetics and total protein 
synthesis of the cells were unaltered. The activity of 
lactic dehydrogenase, a cytoplasmic enzyme, was also 
unaltered, indicating the integrity of the cells was not 
compromised. The decrease in gelatinase activity is spe-
cific for generalized DEBS-K, since cultures from reces-
sive dystrophic EB, recessive junctional EB, dominant 
dystrophic EB, and a second genetic type of DEBS all 
fail to show this defect. However, since it has been 
suggested that DEBS-K and the localized form of DEBS, 
the Weber-Cockayne type (DEBS-WC), may represent 
allelic mutations of varying severity, we measured ge-
latinase activity in cell cultures of 13 patients of this 
type. The levels displayed a biphasic segregation in 
which 7 of 13 values were equal to, or greater than, the 
mean activity of control cells. Cultures from the remain-
ing 6 patients were > 1 SD below the mean control value 
and approximated those seen in the generalized DEBS-
K patients. These studies suggest that the decrease in 
gelatinolytic activity is a marker for DEBS-K and that 
DEBS-K and DEBS-WC may be closely related genetic 
disorders in which the defect in gelatinolytic protease 
represents a pleiotropic effect of the gene for DEBS or 
is genetically linked to the DEBS gene. 
Epidermolysis bu llosa (EB) is a heterogeneous group of ge-
netic diseases characterized by the propensity of the skin to 
form blisters in response to minor trauma [1]. Genetic, clinical, 
and histologic crite ria allow the separation of EB into at least 
4 major variants- dominant epidermolysis bullosa simplex 
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Abbreviations: 
DEBS: dominant epidermolysis bullosa simplex 
DEBS-K: dominant epidermolysis bullosa simplex of the Koebner 
variety 
DEBS-WC: dominant epidermolysis hullosa simplex of t he We-
ber-Cockayne variety 
DMEM: Dulbecco's modified Eagle medium 
EB: epidermolysis bullosa 
Hepes: hycl roxyethylpiperazine-N' -2-ethanesulfonic acid buffer 
(DEBS) , recessive dystrophic EB, dominant dystrophic EB, 
and recessive junctional EB. Although DEBS would appear to 
be exclusively an epidermal disease, recent attention has been 
given to DEBS, because in one kindred skin fibroblast cultures 
were used to elucidate the deficiency of a sugar transferase 
involved in collagen biosynthesis [2]. Thus, it seems plausible 
that further insights into biochemical markers for this disease 
might be gained from fibroblast cultures . 
DEBS is the most common form of EB and has been clinically 
and genetically subclassified into 5 types (3] . Two of these, 
generalized EBS of the Koebner type (DEBS-K) and localized 
EBS ofthe Weber-eockayne type (DEBS-We), differ primarily 
in the extent of disease, the latter being confined mainly to the 
hands and feet. Indeed, it has been suggested that DEBS-K 
and DEBS-we may represent different disease patterns arising 
from allelic mutations of varying severity [4,5]. In both DEBS-
K and DEBS-we the initial event in the morphologic evolution 
of blistering appears to be cytolysis of the basal or suprabasal 
cell s [1]. 
As part of an ongoing interest in proteolytic enzymes that 
degrade collagen, we have recently reported the purification of 
a neutral protease with gelatinase activity from serum-free 
organ cultures of human skin (6]. In an extension of these 
studies, we hypothesized that the expression of this enzyme 
might be altered in the dermolytic form of EB, since our 
previqus studies have shown that recessive dystrophic EB fi -
broblasts have a genetically unique increased capacity to syn-
thesize and secrete collagenase (7- 9] . Although the culture 
medium revealed unaltered amounts of gelatinolytic activity in 
cells from recessive dystrophic EB patients [10], we found that 
the activity of this gelatinase was reduced to nearly undetect-
able levels in fibroblast cultures from patients with DEBS-K. 
In an effort to understand this decrease in gelatinase activity, 
we have explored the synthesis and secretion of this gelatinase 
in a variety of normal and EB skin fibrob last cultures. The 
data suggest that this trait represents a phenotypic marker for 
one specific variety of DEBS. 
MATERIALS AND METHODS 
Fibroblast Cultures 
Skin fibrob last cultures were established from normal volunteers 
and from the unaffected skin of patients with EB after obtaining 
informed consent in accordance with the requirements of the Wash-
ington University Human Studies Committee (Table I). Cells were 
subcultivated in disposable plastic culture dishes or f1asks in Dulbecco's 
modified Eagle medium-high glucose plus glutamine (DMEM) with 30 
mM Hepes buffer (pH 7.6) , 20% feta l calf serum, and 200 units of 
penicillin and 200 p.g of streptomycin/ml at 37•c in a 95% air:5% C02 
atmosphere. 
In experiments to determine the effect of cell density on gelatinase 
expression, cultures were seeded at low density in 25-cm2 culture flasks 
(5- 10 X 10' cells/ flask) and serum-containing medium was replenished 
every 2 days for the length of the experiment. At varying times 
throughout the growth of these cultures, the cells in duplicate flasks 
were washed 3- 4 t imes with Hanks' balanced salt solution and were 
placed in serum-free DMEM for 24 h. At the end of this time period, 
the serum-free medium was harvested, made 0.2% (w/v) in bovine 
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TABLE I. EB fibroblast strains 
Cell strain Sex Age (years) 
DEBS-K 
WUE 76124 F 1 mo 
WUE 80568 F 46 
WUE 76117 M 1 wk 
DEBS-WC 
WUE 76103 F 32 
WUE 76102 F 14 
WUE 7535 M 10 
WUE 7536 M 38 
WUE 81698 M 19 
WUE 816101 F 49 
WUE 816102 F 27 
WUE 81728 F 56 
WUE 81674 F 7 
WUE 816107 M 38 
WUE 816106 M 29 
WUE 81687 M 25 
WUE 81673 F 18 
DEBS-Dowling-Meara 
WUE 80530 M 1 mo 
Dominant dystrophic EB 
WUE 77236 M 1 
Recessive junCtional EB 
WUE 76112 M 1 
Recessive dystrophic EB 
WUE 76114 M 1 
WUE 7572 F 34 
WUE 7504 F 8 
WUE 80577 M 2 
WUE 76106 M 14 
serum albumin and 0.05 M in Tris-HCl (pH 7.5), and stored at -2o·c 
for later assay of gelatinase and, in some cases, lactic dehydrogenase 
activity [11] . The cell layers from these flasks were then washed 3 
times with 0.05 M Tris-HCl (pH 7.5) containing 0.15 M NaCl after 
which they were treated separately. One milliliter of DNA buffer (0.05 
M Tris-HCl, pH 8.5, with 0.1 M NaCl and 1 mM EDTA) was used to 
suspend the cells in the first flask , while 1 ml of potassium phosphate 
buffer, pH 7.5, was added to the cells of the second flask. Both cell 
suspensions were stored at -2o·c until utilized to determine total cell 
protein (12], DNA [13], and/or lactic dehydrogenase activity [11]. 
Gelatinolytic Activity 
Latent gelatinolytic activity was activated by limited proteolysis 
with 10 /Jl of bovine trypsin at 6 concentrations (0.01, 0.025, 0.1, 0.25, 
0.5, and 1 mg/m\) for 20 min at 37·c. The activation was terminated 
with 10 Ill of soybean trypsin inhibitor in at least a 5-fold molar excess . 
After a 10-min incubation at room temperature, 25 1-'1 of ["C]gelatin 
was added. Under these conditions, the kinetics of activation were the 
same for gelatinases of normal and EB origins. The gelatinase assay 
was carried out at 37•c for 1- 6 h depending upon the amount of enzyme 
activity. The reaction was te rminated by the addition of 100% (w/ v) 
trichloroacetic acid to give a final concentration of 20%. After cooling 
on ice for 30 min, the assay tubes were centri fuged at 12,000 g and the 
supernatant fraction was counted on a liquid scintillation spectrometer 
[6) . The gelatin substrate was obtained by heating native reconstituted 
["C]glycine-labeled collagen [14] from guinea pig skin at 6o·c for 20 
min. 
Other Assays 
Total protein synthesis was determined in fibroblast cultures under 
serum -free conditions identical to those described above for assessing 
gelatinase expression. After washing the cells with Hanks' balanced 
salt solution, a 3H-Iabeled amino acid mixture (10 1-'Ci/ ml) was added 
to the serum -free DMEM and incubated for 24 h. Total protein syn-
thesis was determined as the amount of 3H- labeled amino acids incor-
porated into 10% trichloroacetic acid-precipitable material in the me-
dium and cells. Statistical analysis of the data was performed using 
Student's t-test. 
RESULTS 
Initia lly we determined the optimum conditions for expres-
sion of t he gelatinolytic protease in skin fibroblast cultures. 
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Since whole serum is a potent inhibitor of human sk in gelati-
nase activity [6], the expression of this enzyme was assessed in 
serum-free medium. As shown in Fig 1, secretion of the enzyme 
was essentially linear for 24 h under serum-free conditions. In 
addition, accumulation of ge latinase activity in the culture 
medium was dependent on protein synthesis, s ince secretion of 
the enzyme was abolished in t he presence of cycloheximide (Fig 
1). This protease, like the gelatinase isolated from the cu lture 
medium of huma n skin expla n ts [6], displays (a) a marked 
preference fo r gelatin as a substrate when compared with other 
protein substrates, such as casein (data not shown) , (b) has a 
pH optimum between 7 and 9, and (c) is inhibited in a similar 
fashion by metal chelators and sulfhydryl reagents. 
In order to gain insight into t he expression of this protease 
in various types of EB, fibroblast cultures from patients with 
t hese diseases were compared to control fibroblasts grown 
under identical conditions and examined for gelatinase activity. 
As depicted in Fig 2, confluen t fibroblast cultures derived from 
3 patients from 3 different kindreds with generali zed DEBS-K 
had a gelatinase activity of 735 ± 201 cpm/h/flask (mean ± 
SE), a value t hat was approximately 15% of t he control value 
(4677 ± 533 cpm/h/flask; p < 0.001) and approximately 20% 
of the value for other forms of EB (p < 0.001). In contrast, 
none of the EB cell stra ins-including t hose from recessive 
junctional EB, dominant dystrophic EB, and recessive dys-
trophic EB, a disease characterized by increased collagenase in 
vivo [15) a nd in vitro [7,8] - displayed any significant alteration 
in gelatinase activity. It is also of importance that among the 
EB cell strains examined one was derived from another genetic 
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FIG l. Secretion of gelatinase by normal human skin fibroblasts in 
monolayer cultu re. Confl uent fibroblast cultures grown in DMEM in 
the presence of 10% feta l calf serum were washed 3 times with Hanks' 
balanced salt solution and then incubated for up to 24 h in serum-free 
DMEM with 0 or 50 Jlg/ ml of cycloheximide. Cultures were harvested 
at the indicated t imes fo r determination of gelatinase activity and cell 
protein as described in the Methods. • --•. gelatinase activity in 
cultures maintained in the absence of cycloheximide; 0 --0, gelati-
nase activity in cultures incubated in the presence of 50 1-'g/ml of 
cycloheximide. 
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FIG 2. Comparison of gelatinase activity in normal and EB fibro -
blast cultures. Conlluent skin fibroblasts were grown in the presence 
of 10% feta l ca lf se rum prior to was hing the cell layer and incubation 
in serum-free DMEM for 24 h as described in the legend to Fig 1. The 
3 DEBS-K cell strains employed are those listed in Table I. The 
remaining 8 EB cell strains (other EB) include 1 DEBS-Dowling-
Meara, 1 dominant dystrophic EB, 1 recessive junctional EB, and 5 
recessive dystrophic EB strains (see Table 1). 
type of genera li zed DEBS, t he Dowling-Meara variety [3,16]; 
t he gelatinase activ ity of t hese fibroblast cultu res was 3591 
cpm/h/ fla sk, a value well within t he normal range, t hus sup-
porting t he concept that the decrease in gelatinase is a geneti-
cally speci fie trait. 
Since previous studies on fibrob last collagenase indicated 
that synthesis and secretion of that enzyme were dependent 
upon t he growth stage of the cul tures [17], we examined the 
ge latinolytic protease expression at different degrees of cell 
density (Fig 3). No difference between t he rates of growth in 
control and DEBS-K cultures was observed. In t he normal 
cells, as growth proceeded through the logarithmic phase to 
conflu ence, t he activity of t he gelatinolytic protease increased 
steadily to a max imum in confluent cul tures. Unlike t he contro l 
cells, t he DEBS-K fibrob lasts fai led to demonstrate a density- · 
associated elevation in gelatinolytic protease activity and re-
mained at nearly undetectable leve ls t hroughout t he expe ri -
ment. 
The specificity of the decrease in t he gelatinolytic protease 
was assessed in two ways. In the fi rst series of experiments we 
compared total protein synthesis in the 3 strains of DEBS-K 
cells with t hat seen in normal ce ll cultures (n = 3). Total 10% 
trichloroacetic acid -prec ipitable "H-Iabeled protein in t he con-
trols (medium plus cells) was 20.9 ± 1.1 X 10- :J cpm/24 h 
compared to 21.8 ± 2.4 X 10-" cpm/24 h in the DEBS-K cul tures 
(p=NS) . 
To verify further the specificity of t he dec rease in gelati nase 
in t he DEBS-K fibrob lasts, we compared t he activity of t he 
56 
I 
_!__ 
::: 48 
: ~c 
~ ·~ 40 
"'0:: 0 Ol 32 
"' E 
- ---
ON 
0::9 24 
- ~ )( 
2::- E 
0 Q_ 
- ~~ 
~ 8 
0 
I 
-·-----· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Vol. 81, No. 6 
.... , 
.,,."' ', 
~.... ' 
/ ' ' 
., ... "" ', 
~~ ' ~ ' 
•"'' . 
I ' 
I 
I 
80-
l.. 
>-<1> 
- u 
60 · ~ ~ 
"' " 0~
"' c ~ 0 
40 £~ 
:o!:-
u 
20 
----o-----D-----o--------o-----o~~~--L--L~--~-L~L-~-L--L-~0 
2 4 6 8 10 12 
Days in Cul ture 
FIG 3. Effect of cell culture density on gelati nase activity in normal 
and DEBS-K fibroblasts cultures. Replicate normal and DEBS-K 
fibrobl ast cultu res were ini t iated at low density in 25-cm2 llasks, and 
the cells were fed serum-containing medium every 2 days until the end 
of t he experiment. At the indicated times llasks were washed with 
Hanks' balanced salt solution and the cells were maintained for 24 h 
in serum-free DMEM prior to harvesting the medium for gelatinase 
activity and determining the cell protein. The cell densities are ex-
pressed as % confluence with 100% represen ~ing 5.5-8.0 x 10'' ce lls. 
• --• , cell density in control cultures; 0 --0, cell density in DEBS-
K cultures (WUE 76117); • -- -• . gelatinase activi ty per mg cell 
protein in control cultures; 0 -- - 0 , gelatinase activity per mg cell 
protein in DEBS-K cultures. 
gelatinolytic protease with t hat of a representative cytoplasm ic 
enzyme, lact ic dehydroge nase (Table II). Although lactic de-
hydrogenase was measured in both t he medium and cell s, in all 
instances (both control and DEBS-K cells) t he amount of 
activity in t he medium was negligible; t hus, t he data in Table 
II represent only intracellular lactic dehydroge nase activi ty. On 
the basis of either DNA or cell protein , despite t he presence of 
up to a 4-fold decrease in gelatinase activi ty in t he DEBS-K 
cultures, t here was no sign ificant change in lactic dehydrogen-
ase activity when compared to control cultures. These findings, 
together with t he normal growth patterns, strongly suggest t hat 
the decrease in gelatinolytic activity does not result from a 
compromised integrity of t he cells. 
Because Gedde-Dahl has suggested that DEBS-K and DEBS-
we may represe nt diseases resulting from allelic mutations of 
varying severity [ 4,5], we compared the levels of gelatinolytic 
protease in cul tures of 13 patients with DEBS-WC with t hose 
from the 3 DEBS-K patients (Fig 4). When taken as a whole, 
the mean value for gelatinolytic protease activity in t he loca l-
ized DEBS-W C cul tures (3844 ± 631 cpm/h/ flask) was equiv -
alent to t hat seen in control cell s and in cell s from other forms 
of EB (see F ig 2). However, t he activity from the DEBS-WC 
fibroblast cu ltures appeared to be segregated into 2 groups. 
Cultures from 7 of 13 patients had values ranging from 4437-
7547 cpm/h/flask and were clearly normal when compared to 
control cul tures. In contrast, cultures from the remaining 6 
individuals displayed values ranging from 713-2500 cpm/h/ 
fla sk. These activit ies were all greater t han 1 SD below the 
mean value for cont rol cu ltures and in 3 of t he cultures t he 
levels approximated those seen in t he DEBS-K stra ins. 
DISCUSSION 
Fibroblast cultures from patients wi th one type of generalized 
DEBS, DEBS-K, express a marked decrease in a gelatinolytic 
protease which is synt hesized and secreted into t he medium. It 
appears t hat th is parameter may represent a genetic marker 
for this disease, s ince fibroblasts grown from patients with 
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TABLE II. Compar£son of gelatinolytic protease and lactic dehydrogenase activites in normal and generalized DEBS fibroblast cultures" 
Number' 
Gelatinase activity Lactic dehyd rogenase activity 
Cult ure 
Controls 
Generali zed DEBS-K 
11 
7 
cpm/ 11g DNA 
430 ± 86 
178 ± 24 
cpm/ mg prote in 
9370 ± 1995 
2389 ± 390 
units/ 11 g DNA 
9.3 ± 0.4 
16.7 ± 3.2 
units/mg protein 
217 ± 25 
189 ± 11 
"Fibroblast cul tures were placed in serum -free DMEM fo r 24 h a fter which t he medium was assayed for gelatinase activity. T he cell layers 
were harvested for assay of cell protein , DNA, and lactic dehydrogenase activity. 
1
' Number of cultures examined. 
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FIG 4. Frequency distribut ion comparing gelatinase activity in gen-
eralized (DEBS-K) and localized (DEBS-WC) DEBS fibroblast cul-
tures. Confluent fibroblast cultures were placed in serum-free DMEM 
for 24 h as described in the legend to Fig 1. The bars represent t he 
distribu tion of the mean gelatinase activit ies of the DEBS-K or DEBS-
we cell stra ins in T able I. For ease of comparison, t he mean ± SD 
gelatinase activity fo r control cultures is a lso presented (cross-hatched 
area ). 
other fo rms of EB do not display t his in vit ro biochemical trait 
(Fig 1). The apparent specificity of this abnormali ty is fur ther 
emphasized by the fact that ot her parameters of cell function-
kinetics of growth, total protein synthesis, and lactic dehydro-
genase activity-were all expressed normally when compared 
wit h t hose in control fibroblast strains. 
Since the site of blistering in DEBS is wit hin the epidermis, 
the relationship of our in vit ro findings to t he pathogenesis of 
t he disease remains to be elucidated. However, two observations 
may be relevant in thi s regard. First , Savolainen et a! [2] 
demonstrated decreased galactosylhydroxylsylglucosylt rans-
ferase activity in the serum, skin tissue, and cultured skin 
fibroblasts of certain patients wit h genera lized DEBS. Second, 
it is int riguing that human skin gelatinase is a glycosylated 
enzyme [6). Thus, one possible explanation for the findings in 
the present study might be that the apparent defect in gelati-
nase expression, in fact, is the result of a more generalized 
defect in t he glycosylation of a variety of proteins. T o determine 
whether the decrease in activity represents decreased synthesis 
per se, decreased secretion , or defective enzyme activi ty result -
ing from the synt hesis of an altered structural protein and/or 
a defect in posttranslational modification must await t he de-
velopment of an immunologic method for measur ing gelatinase 
enzyme prote in. 
Gedde-Dahl [4,5] has suggested that 2 fo rms of DEBS-the 
generali zed Koebner variety and the localized Weber-Cockayne 
variety- may rep resent allelic mutations of varying severity. 
In t his regard, t he biphasic segregation of gelatinase activities 
seen in the DEBS-WC cul tures (fig 4) suggests that DEBS-K 
and DEBS-WC may, in fact, be closely related genetic disorders 
that fo rm a spectrum of disease expression which is mirrored 
by this in vi t ro biochemical marker. Alternatively, it is possible 
that in both of these DEBS types the defect in gelatinase 
activity represents a pleiotropic effect of t he gene fo r DEBS or 
is genetically linked to the DEBS gene. In either case, t he 
demonstration of a specific biochemical abnormali ty associated 
wit h DEBS should represent a useful diagnostic tool for bio-
chemical and genetic analysis of kindreds at risk for t he disease. 
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